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Abstract: Site selection for the Antarctic research station is of great 
importance and necessary for Antarctic expedition, affecting both scientific 
investigations and service life of the station. This study was conducted to 
identify suitable sites for an Antarctic research station, by Geographical 
Information Systems (GIS) and Fuzzy Analytical Hierarchy Process 
(FAHP). Considering the natural environment and built environment in the 
study area, fifteen criteria were proposed as multiple evaluation sub-criteria 
and were grouped into four main criteria: scientific interest, environment, 
accessibility and topography. Weights of all the sub-criteria and main 
criteria were calculated through the FAHP. The weights were then 
multiplied with the suitability scores for each grid on raster maps of criteria 
in GIS software to produce the suitability maps in a hierarchical way. All the 
suitability maps in different levels were aggregated to allocate the most 
suitable areas for Chinese new Antarctic research station. Further, 
comparisons were also made between predicted suitable areas and existing 
stations and camps in Antarctica to show the fitness-for-use of the 
modeling results. After considering the locations of existing Chinese 
stations, the scientific interest of Chinese Antarctic expedition and 
relationships with stations of other countries, we suggested the candidate 
site for Chinese new Antarctic research station in the range of 166.53°- 
167.16°E, 77.699°- 77.847°S and gavethefinal mapping. 

Keywords: Geographic Information System, Fuzzy Analytical Hierarchy 
Process, site selection, Antarctic research station 



1. Introduction 

The ever- in creasing scientific interest of Antarctica amplifies the demand 
for new research stations. Due to the climatic extremes and geographical 
isolation, research stations on Antarctica are necessary to be maintained 
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using the art technology to protect scientists from the environment and to 
provide a level of comfort which enables them to live and work there safely. 
The accurate identification and characterization of site suitabi I ity for station 
building are crucial since it impacts on scientific activities and the 
environmental protection in Antarctica. When choosing a site, numbers of 
criteria should be considered from the aspects of scientific interest, 
environment, logistics support, terrain conditions, and etc. [Final 
Comprehensive Environmental Evaluation(CEE) of , Norwegian summer 
station Troll(2004), German Neumayer 111(2005), new Belgian research 
station (20 07), English Halley VI research station(2007), new Indian 
research station(2010)station and Korea J ang Bogo Antarctic research 
station (20 12)]. Therefore, many spatial variables are involved while 
selecting a suitable site and each of them must be weighted according to 
their relative importance on optimal building conditions for stations as well 
as research convenience. The allocation modeling result will be influenced 
by the uncertainty inherent in describing and ranking available criteria 
based on effective parameters (Vahidnia et al., 2009). 

Fuzzy Analytical Hierarchy Process (FAHP) is a decision- making approach 
which can be used to calculate the suitability index to analyze and support 
decisions with multiple and even competing objectives (Wang et al., 2009). 
The selection problem first is divided into a number of simpler problems in 
the process of an analytical hierarchy (Saaty, 1980). After the hierarchy has 
been established, pairwise comparison matrices of main criteria and sub- 
criteria showing their relative importance are constructed under the study 
goal. FAHP, combined with GIS, has been used to address the suitability 
rating problems in various context, such as for hospital site selection 
(Vahidnia et al., 2009), solid waste management (Kahraman et al., 2003; 
Chang et al., 2008 and 2009; Ekmekgioglu et al., 2010) and supplier 
selection (Kahraman et al., 2006). In this paper, the methodology was 
utilized in the process of Antarctic research stations' site selection. 
Compared with the costly field surveys in the past time, Gl S is expected to 
efficiently simplify the selection procedure and make the decision more 
comprehensive and scientific. 

This study aims to identify the optimum site for Antarctic research station 
based on FAHP and GIS. The extraordinary nature of Antarctic 
environment requires consideration of multiple evaluation criteria. Fifteen 
related criteria, grouped in four main criteria: scientific interest, 
environment, accessibility and topography, were analyzed in GIS according 
to their relative importance and suitability levels to produce the overall 
suitability model. The modeling result was used to suggest sites for Chinese 
new Antarctic research station. The final candidate site was further 
allocated by considering the relationships with other existing stations. 



2. Study area 

The study area covers major part of Antarctica (Figure 1) and has area 
about 12,086,200 km 2 . The ice shelves are thick floating platforms of ice 
with accelerated mass loss (Rignot, et al., 2004). Due to the movement of 
the ice shelf and large snow accumulation, most stations built on the ice 
shelves have been abandoned, like British Halleyl to IV stations! Final CEE, 
English Halley VI research station, 2007). Therefore, ice shelves that cover 
about 10% of the whole Antarctica were excluded from the study area. 
Besides, the South Orkney Islands was not included either from the 
prospective of scientific interest, since it is far away from the continent of 
Antarctica. 




Figure L extent of the study area. 



3. Method 

Generally, FAHP and GIS were used to build the hierarchical criteria 
structure and integrate all the spatial data to generate suitability map. Five 
main steps are: (1) identify main criteria, related sub-criteria and collect 
corresponding data showing spatial distribution of criteria, (2) use FAH P to 
calculate the suitability index, namely weights of main criteria and sub- 
criteria, (3) give suitability scores on the map to each sub-criteria, (4) use 
Gl S to aggregate the weights and scores in different levels and to obtain the 
overall suitability map, (5) verify the accuracy of the model with existing 



stations and camps in GIS capability. In this study, for selecting Chinese 
new Antarctic research station, we analyzed the scientific interest of 
Chinese expedition to partially assess the fitness-for-use of the suitability 
map, and further reduced the candidate site though the location of existing 
research stations. The research scheme is illustrated in Figure 2. 
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Figure 2. Schematic diagram of modeling procedure for Chinese new Antarctic research 
stati on 's si te sel ecti on . 

3.1. Criteria identification and data collection 

The criteria for selecting the best sites for station building in Antarctica 
were built under a hierarchical structure, which breaks down all criteria 
into small groups in different levels. Criteria are grouped according to the 
similarity of the elements with respect to the function they perform or 
property they share (saaty, 1980) and they are identified as influencing the 
goal of the study (Hossain etal., 2009). 
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Table L Criteria system and corresponding data. 



In this study, the site selection work is for the Chinese new station, which is 
planned to be a year-round station that contributes to the international 
collaboration and multi disciplinary studies in support of both Chinese and 
foreign scientists. The criteria selection is based on extensive literature 
review, and the criteria system was derived from the site selection part of 
German Neumayer III station's Final CEE (2005), Final CEEs of Norwegian 
summer station Troll (2004), new Belgian research station (2007), English 
Halley VI research station (2007), new Indian research station (2010) and 
Korea Jang Bogo Antarctic research station (2012). Limited by data 
availability, we tried to make the criteria system involve comprehensive and 
operational, non-redundant and minimal set of criteria. Four main criteria, 
namely scientific interest, environment, accessibility and topography were 
chosen in the general level, and fifteen sub-criteria were grouped under the 
main criteria in the detailed level. A brief description for the main criteria 
and the rel ated sub-criteria is li sted i n Tabl e 1 

GIS is used as a tool for management, manipulation, representation and 
analysis of spatial data to facilitate the site selection process. Spatial data 
representing distributions of criteria were collected from various resources. 
Some topographical data, such as elevation, slope, grounding line, etc., were 
produced several years ago, but we assume that there is a little change with 
in the short time which can be ignored in the site selection. Meanwhile, the 
temperature changed in the last ten years from 0.1°C decade- 1 to 0.56°C 
decade -1 (Turner er al., 2005 and Steig et al., 2009). Compared with the 
isotherms in degrees, the error is in the negligible range. All maps and 
thematic data were transformed into Stereographic South Pole projection 
and scaled to the same resolution 1 km, same as the DEM resolution. They 
were prepared and implemented in the GIS software ArcGIS in the whole 
modeling process. 

3.2. FAHP methodology 

The Analytical Hierarchy Process(AHP), initiated by Saaty (1980), is a 
flexible multi -criteria decision- making methodology that transforms a 
complex problem into a hierarchy with respect to one or more criteria 
(Mohajeri, 2010), each of which can be analyzed independently. In this 
study, the hierarchy is constructed to involve the four main criteria and 
their sub-criteria (Figure 2 and Table 1). FAHP (Fuzzy Analytical Hierarchy 
Process) is an extension of AHP to involve the inherent uncertainty and 
imprecision in human thinking in the decision- making process. It allows 
decision- makers to express approximate preferences using fuzzy 
memberships to add fuzziness into thejudgment (Mikhailov and Tsvetinov, 
2004; Wang et al., 2008; Erensal et al., 2006; Lee et al., 2008). To be 
specific, the single valued element in AHP is replaced by a triangular fuzzy 



number ay , denoted as ay = (ly,my,uy) in the FAHP. After determining the 
hierarchy, the pairwise comparison matrix A has been set up to estimate 
the weight of each criterion according to Equation 1 



an an 



an an 



ani a n 2 



ain 



ain 



ami 



(/ii.mn,wn) (ln.mn,un) ••• (hn.min,uu) 

(lll.m21,U2l) (l22.ni22,U22) ••• (hn.m2n,U2n) 
{ln\.mn\,Un\) (ln2.mn2,Un2) ••• (lnn,m n n,Unn) 



(1) 



Where ly , my , and uy are the x-coordi nates of the three endpoints of the 
triangular. a,,(i < i, j < n) is the relative importance value of criterion G to 
criterion Q , and all the element in the comparison matrix are positive, 

a ji = (l / uy, 1 / my, 1 / ly) . 

There are various types of FAHP methods in the literature (such as 
Laarhoven and Pedrycz, 1983; Buckley, 1985; Chang, 1996; Leung and Cao, 
2000). In this study, we prefer Chang's (1996) extent analysis method to 
calculate the suitability index since this approach is relatively easier 
achieved than other FAHP approaches. The steps of the fuzzy extent 
analysis can be summarized as follows: 

First, three experts, specializing in Antarctic snow and ice, geodesic? and 
ecological research, are invited to give the importance weights^ , ay and 
ay for all the main criteria and sub-criteria, and ay are selected 

from the linguistic variables representing several levels of preference 
according to Kahraman (2006) in Table 2. The relatively weight ay is 
calculated as the arithmetic average of the three weights from different 
experts (Chen, 2000). Considering the operational laws of triangular fuzzy 
number, the formula can be expressed by: 
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where a,> is the importance weight assigned by the K ,h (K = 1,2,3) decision 
maker. 

Second, to estimate .the priority vector w = (Wc\,---,Wcn) T of the fuzzy 
comparison matrix A , where Wa is the weight of G . The detailed 
calculation steps refer to (Chang, 1996). 



Finally, the consistency ratio (CR) of A should be examined by equation 3 



CR = — and CI = (3) 

RI n-l 

Amax isthemaximumeigenvalueof A . RI is a random consistency index of 
a randomly generated reciprocal matrix. We adopted the values of RI from 
the previous study by Brent, er al. (2007), in which average values for 
matri ces of orders 1- 15 have been generated from a sampl e si ze of 100 . 1 f 

the value of CR is no bigger than 10%, the inconsistency of A is considered 

acceptable. Otherwise, ay should be reconsidered and modified. 
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Table 2. triangular fuzzy numbers for the weights. 



3.3. Scores of sub-criteria's suitability levels 

The range of Antarctic characteristics can be divided into three classes: 
most suitable, moderately suitable and not suitable based on requirements 
for station building. Weights have been counted according to the relatively 
importance of the criteria. Each sub-criteria was also given scores on the 
map according to the level of suitability, i.e. most suitable was scored 3, 
moderately suitable scored 2 and not suitable scored 1 (Hossain et al., 
2009). For each map, the specific division interval of the three classes is 
shown in Table 3. The suitability rating for each level of criteria, which 
provides conditions for the overlay analysis, was derived from the survey 



results, professional judgment of experts as well astheFinal CEEs. 
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Table 3. suitability levels of sub-criteria for station building in Antarctica. 
3.4. Suitability map and model verification 

Si nee suitabi I ity I evels are determi ned, data is buffered accordi ng to Table 3 
to produce suitable zones. Next, the reclassified grid of each sub-criteria 



was multiplied with the respective weight in GIS software to produce the 
suitability map for each main criteria. After all, the suitability maps of main 
criteria were aggregated to produce the overall suitability model. 

Overall suitability grid =Gridsdentific xWci+Grid environment XW C2 + 

Grid accessi bility 

X Wc3 + Gri dtopography X W C 4 

Model verification was carried out in GIS capabilities by making 
comparison between predicted suitable areas and existing stations. All the 
stations and camps were included for subsequent assessment. The 
approach was to compare the locations and characteristic of existing 
stations with suitability area and suitability ratings provided by the GIS, 
which was much more effective than the traditional field investigation one 
by one. The purpose of verif i cati on was to testify the general appl i cabi I ity of 
the suitability model. An important assumption was that the stations had a 
preference for comprehensive survey just like the Chinese new research 
station. 



4. Results 

4.1. Weights of main criteria and sub-criteria 
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CI Scientific 
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Cll Automatic weather 
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0.3628 


C4: topography 
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C41 Snow accumulation 
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C42: Ice thickness 
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Table 4. normalized weight vector of main criteria and related sub-criteria. 



Weights of main criteria and sub-criteria were derived (Table 4), with all 
the CRs in a satisfactory range (0.0357-0.0971). Topography (W C4 =0.3960) 
came to be the most important parameter for site selection, next with 
accessibility (Wc3=0.2722), and followed by scientific interest 
(Wci=0.1784). 

4.2. Suitability map and verification 

The most suitable sites for Antarctic research stations in Figure are 
recognized as good topological condition with easy logistic support, 
favorable temperature, wind speed and scientific research foundations. 
They are centered on the South Shetland Island, Antarctic Peninsula and 
areas around the Groundling line. Limited by scientific interest and 
accessibility, the majority part of Antarctic hinterland is not suitable for 
station building. 
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Table 5. comparison of existing stations with suitable map. 



Locations of 98 existing stations were compared with suitability zones on 
derived overall suitability map. The results were shown in Table 5 and 
Figure 3. 38 year-round stations are all sited in most suitable and 
moderately suitable zones. Only one station which is used as a camp locates 
in the not suitable zone according to our modeling result. The most suitable 
zone on the overall suitability map covers 86.74% of the existing stations, 
and the moderately suitable zone covers 12.24% of the stations. The 



modeling output, therefore, matches well with the site selection performed 
before and can be regarded to have 98.98% accuracy. 





Figure 3. Overall suitability map(a) and location of existing stations(b). 




Figure 4. optimal site for Chinese new Antarctic research station. (a) potential area for 
site selection;(b):enlargement of the potential area and suggestion of the final site. 



4.3. The optimal site of Chinese new Antarctic research station 

China already has three Antarctic research stations, including Changcheng 
station in the South Shetland Island, Zhongshan station in East Antarctica 
near the Amery Ice Shelf and Kunlun station in the inland of Antarctica 
next to Dome A (Figure 4a). The Changcheng station and the Zhongshan 
station are year-round stations and the Kunlun station is a seasonal station 
for studying the inland topography and ice core. The new station is 
expected to bea year-round station. Considering the function of the station 
as well as the location of Chinese existing stations, we give the priory to the 
area i n the West Antarcti ca showed i n Fi gure 4a. 

The suggested final site shown in Figure4b (166.53°E - 167.16°E, 77.699°S- 
77.847°S) near the Ross I ce Shelf ~ the biggest ice shelf, is one of Chinese 
expedition's next emphasis. There are numerous automatic weather 
stations and tide gauges already established on the ice shelf, providing a 
good foundation for scientific study. The suitable environmental condition 
prevents the station from being abandoned in few years, and the adjacency 
to the coast facilitates water supply and accessibility. Moreover, two year- 
round stations, American Mcmurdo station and Zelanian Scott Base station, 
are in a reasonable distance and could provide scientific communication 
and international rescue when necessary. 



5. Conclusion 

For the increasing needs of scientific support and international 
cooperation, the site selection of Antarctic research station is the one of the 
greatest challenges faced by governmental authorities. In this study, a 
raster-based GIS model integrated with a multi -criteria evaluation 
technique, Fuzzy Analytical Hierarchy Process, was developed for optimal 
site selection of Antarctic research station. From the perspective of 
facilitating scientific investigation and station maintenance, scientific 
interest, environment, accessibility and topography factors, including 15 
criteria, were considered in the computation process to create the overall 
suitability map. GIS was utilized as the analysis and verification tool to 
manipulate and present spatial data. The fuzzy extent approach is 
confirmed that it can offer an objective suitability index and correctly 
determine the priorities. Furthermore, the use of the set of weights 
provided great flexibility in the aggregation procedure, which can be 
utilized by other countries. The final site, stretching from 166.53°E to 
167.16°E longitude and between 77.699°S and 77.847°S latitude, is 
suggested to be the suitable site for Chinese new Antarctic research station. 
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